After the structure originally proposed for nitraraine was shown to be incorrect by total synthesis, the alternative structure 5 was recently suggested for the alkaloid on biosynthetic grounds and by comparison with the 1 H NMR data of tangutorine. The unambiguous synthesis of 5 is reported from tryptophanol and ketodiester 6, via oxazoloquinolone lactam 7. However, the melting point and 1 H NMR data of 5 did not match those reported for the natural product.
A pentacyclic alcohol with the structure 1 had previously been prepared 5 by LiAlH 4 reduction of apo-α-yohimbine. However, the data reported for this alcohol 1 (obtained as the hydrochloride) did not allow the proposed structure for nitraraine (isolated as the base) to be corroborated.
Later on, three different syntheses of pentacyclic alcohol 1, either in enantiopure form 6, 7 or as a racemate, 8 were reported. The melting point and 1 H NMR data of 1 were significantly different from those reported for nitraraine. Similarly, the melting point of synthetic 2 differed 6 from that of the alkaloid dihydronitraraine. 2 Consequently, a reasonable doubt arose about the correct structure of the alkaloids of the nitraraine family.
In 2011, Poupon et al. published 9 an excellent and comprehensive article that provides a detailed analysis of the data available for nitraraine and the above-mentioned nitraraine-related alkaloids, suggesting pentacyclic alcohol 5, a structural isomer of 1, as a possible structure for nitraraine. The proposal was based on biosynthetic considerations 10 and a comparison of the physical and spectroscopic data reported for these alkaloids with those of tangutorine 11 and its O-acetyl and dihydro derivatives Both nitraraine and tangutorine are alkaloids isolated from Nitraria species (Nitraria schoberi and Nitraria tangutorum, respectively), which belong to the Nitrariaceae family, whereas yohimbine-type alkaloids have a monoterpenoid origin and are found in plants of the Rubiaceae, Loganiaceae and Apocinaceae families. Moreover, the specific rotation reported for both alkaloids is zero, which could be attributed to similar biosynthetic pathways that do not involve the monoterpene secologanin. On the other hand, nitraraine, tangutorine, and their O-acetyl derivatives each have an olefinic proton that resonates at a very similar chemical shift in their 1 H NMR spectra. Further, the melting point of these two alkaloids differs by only a few degrees Celsius. Another point of interest is that treatment of dihydronitraraine with p-TsCl provides the alkaloid nitraraidine, which is an N-quaternary hexacyclic salt, thus pointing to a cis D/E ring junction. Taking into account all the above, Poupon proposed the tangutorine diastereoisomer 5 as a plausible structure for nitraraine.
In this communication we report the enantioselective total synthesis of 5. In the context of our studies on the use of tryptophanol-derived lactams as enantiomeric scaffolds for the synthesis of indole alkaloids, 12 we visualized a synthetic route to this alcohol. Key steps to assemble the required pentacyclic skeleton would be a stereoselective cyclocondensation of (S)-tryptophanol with an appropriately substituted 6-oxocyclohexenepropionate derivative 6 and a Bischler− − − −Napieralski cyclization of the resulting oxazoloquinolone lactam 7 13 (Scheme 1). The synthesis would also require the subsequent removal of the hydroxymethyl substituent coming from tryptophanol and the reduction of the ester function. 
−
The required δ-keto ester 6 was prepared in 56% overall yield from ethyl 4-oxocyclohexanecarboxylate 8, via keto sulfoxide 9, as outlined in Scheme 2.
Scheme 2. Preparation of the starting δ δ δ δ-keto ester 6
The cyclocondensation reaction of (S)-tryptophanol with δ-keto ester 6 stereoselectively gave tricyclic lactam 7 in 71% yield. 14 Starting from 7, the closure of the central C ring was satisfactorily accomplished under classical Bischler−Napieralski reaction conditions. Without purification, treatment of the resulting hexacyclic derivative with LiAlH 4 brought about both the reductive opening of the oxazolidine ring to stereoselectively give the required cis-decahydroquinoline ring junction and the reduction of the ester function, leading to the pentacyclic diol derivative 10 in 60% overall yield (Scheme 3). In contrast, a similar sequence from 7' led to the indoloquinolizidine derivative 11, arising from an initial α-amidoalkylation reaction on the indole ring 15 (Scheme 4). The next stage of the synthesis was the removal of the hydroxymethyl substituent coming from tryptophanol, which required the selective protection of the allylic hydroxy group, but unfortunately the insolubility of diol 10 precluded its manipulation. For this reason, the indole nitrogen of 7 was protected as a p-methoxybenzyl derivative, and the resulting lactam 12 was converted to 13 in 68% overall yield following the above Bischler−Napieralski cyclization−LiAlH 4 reduction sequence.
Once the allylic hydroxyl group was selectively protected with the bulky tert-butyldiphenylsilyl group, the removal of the hydroxymethyl substituent of 14 was performed in four steps: oxidation to aldehyde 15 using tetrapropylammonium perruthenate in the presence of N-methylmorpholine N-oxide as the co-oxidant (TPAP/NMO), 16 subsequent dehydration of the corresponding oxime 16 with Burgess reagent, and reductive decyanation of the resulting α-amino nitrile.
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Finally, deprotection of the indole nitrogen of pentacycle 17 using TFA in the presence of PhSH as a carbocation scavenger, followed by desilylation of the alcohol function gave the target pentacyclic alcohol 5.
Our synthetic product 5 showed mass-spectral peaks with the same m/z as natural nitraraine. The above data made evident that the real structure of nitraraine and related alkaloids remains an unsolved question and that further synthetic efforts are needed to reach a definitive conclusion.
Experimental Section
Ethyl 4-Oxo-3-(phenylsulfonyl)cyclohexanecarboxylate (9) Evaporation of the solvent afforded the (3S,7aS,11aS) diastereoisomer (7'; 19 mg, 17%). Lactam 7:
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